T he Friedel-Crafts reaction (1), named after its respective French and American pioneers, has long been used to attach alkyl groups to aromatic rings. This reaction is an electrophilic aromatic substitution. Electrophiles are electron-poor species, whereas nucleophiles are electron-rich species. Electron-rich aromatic molecules such as benzene can use their surplus of electrons to react with electron-poor, positively charged species, enabling benzene to exchange one of its hydrogen atoms for the electrophilic group to make a new, substituted benzene. Because "like species repel," electron-rich species should not react with other electron-rich species, so benzene should never undergo direct nucleophilic alkylation. Nonetheless, on page 1168 of this issue, Wilson et al. (2) report the facile nucleophilic alkylation of benzene accomplished through highly reactive alkylcalcium nucleophiles.
Benzene is an indispensable feedstock for the chemical industry, and the chemists' challenge is to transform the unsubstituted benzene ring into substituted variations. In Friedel-Crafts electrophilic alkylation, benzene is transformed to an alkylbenzene by substituting one C-H bond with one C-alkyl bond. Although extremely useful, this reaction can be challenging to control. For example, the alkyl group may isomerize to a different structure, or more than one alkyl group can attach to the benzene ring. In exceptional cases, nucleophilic alkylation of presubstituted benzenes can be achieved in which the preinstalled substituent is a powerful electron-withdrawing group such as a nitro (NO 2 ) group. The C atom to which it is bonded becomes electron-poor, and even then, a strong oxidant is generally required to complete the reaction.
Appearing to defy logic, Wilson et al. have pioneered a nucleophilic alkylation approach to try and overcome such limitations. How can such an approach possibly succeed when benzene and the nucleophile should repel each other because both are electron-rich? The answer lies in the special nature of the nucleophile. Languishing in relative obscurity for years since their highly polar metalcarbon bonds were thought to render them too reactive to be useful, organic compounds of the heavier alkaline earth metals (here, calcium) have recently proven to be successful reagents for synthesis and catalysis. The chemistry of such earth-abundant main-group metals offers cost benefits, longer sustainability, and lower toxicity compared with those of the precious transition metals in use (3) .
Hydride compounds of main group metals (4) have functioned as catalysts or precatalysts in hydrofunctionalization reac tions such as hydroboration or hydrosilylation (5). Wilson et al. prepared a series of alkylcalcium complexes in which the alkyl groups are small, linear chains such as n-butyl or n-hexyl. Previous syntheses were only successful with much larger, more stable organic groups. These n-alkylcalcium compounds were prepared through the reaction of calcium hydride species with aliphatic alkenes that have C=C bonds (6) . Their alkyl anions are well known with other metals, especially lithium, to be strongly reactive nucleophiles, and pairing them with highly polarizing calcium serves to increase this reactivity even more.
Wilson et al. followed the course of the reaction of n-alkylcalcium compounds with benzene in solution by means of nuclear magnetic resonance spectroscopy using deuterated benzene, C 6 D 6 . They confirmed that nucleophilic alkylation of C 6 D 6 occurred through formation of the alkylated-benzene product. The by-product of the reaction is the calcium hydride compound used as the starting material for formation of the n-alkylcalcium compounds, suggesting that it may be possible in the future to render such reactions catalytic. Computational studies revealed that the negative charge introduced by the incoming nucleophile is dispersed among five carbon atoms of the benzene ring, and that the breaking C-H bond is polarized in such a way that the H atom is primed to leave as a nucleophile. Time will tell whether this first direct nucleophilic alkylation of benzene will be the forerunner of a nucleophilic aromatic substitution methodology to rival or surpass that of electrophilic aromatic substitution. Nonetheless, an advance of this magnitude is likely to be the launching pad for more extensive future research that could reposition organic compounds of the heavier alkaline metals from esoteric curiosities to common chemical reagents of widespread utility. 
Calcium overpowers benzene
With conventional reagents, benzene can be functionalized by electrophiles but not with nucleophiles. However, using a powerful calcium nucleophile, Wilson et al. performed the direct nucleophilic alkylation of benzene.
